We present the optical spectra of a sample of 34 SWIRE-CDFS sources observed with EFOSC2 on the ESO 3.6m Telescope. We have used the spectra and spectroscopic redshifts to validate our photometric redshift codes and SED template fitting methods. 12 of our sources are Infrared Luminous Galaxies. Of these, five belong to the class of ULIRGs and one to the class of HLIRGs with evidence of both an AGN and starburst component contributing to their extreme infrared luminosity for 3, starburst contributing for 1 and AGN contributing for 2 of them.
INTRODUCTION
In recent years, extragalactic surveys have revolutionized our view of the high-redshift Universe, showing that the redshift range 0.5 < z < 3.0 witnessed an extraordinary transformation in the demographics of starburst and AGN activity in galaxies. The factors that drove these changes are however unclear. Consequently, the properties of large samples of sources are the current driving force behind modern extragalactic surveys (e.g. Lonsdale et al. 2003; Eales et al. 2010; Oliver et al. 2010) . However, either most of the sources in these surveys are too faint for spectroscopic observations or it is not cost and time effective to acquire large spectroscopic redshift samples using the current facilities. Photometric techniques provide an excellent tool for estimating redshifts, essential for statistical studies of the galaxies' properties and evolution with only a fraction of the observing time required by spectroscopic surveys. These techniques are faster and can estimate redshifts beyond the spectroscopic limit with the main handicap of possessing larger errors than spectroscopic techniques. In order to minimize these statistical errors: i) more bands are needed to be included in the photometric computation ii) optical spectroscopic redshifts have to be used to calibrate and validate the photometric redshift codes. In this paper we use the EFOSC2 on the 3.6m ESO telescope to obtain optical spectroscopy of galaxies selected from the ⋆ Email: e.kalfountzou@herts.ac.uk SWIRE-CDFS in order to validate our photometric redshift techniques across a wide redshift range, thus allowing more accurate determinations for the whole SWIRE catalogue. In addition, we present the optical spectra and MIR properties of a sample of LIRGs detected as part of our follow-up. Infrared luminous objects at z > 0.5 are of great importance since they lie at the proposed peak of global starburst activity. They may well be related to the famous sub-mm galaxy population (eg. Chapman et al. 2003) and be connected to the origin of the Cosmic Infrared Background (Puget et al. 1996) . Many questions remain about this population, including the role of AGN in their prodigious luminosities, what their descendants are in the local universe, and what their broader role is in galaxy formation and evolution. Some have claimed, for example, that such far-IR luminous objects can only be incorporated into our general understanding of galaxy formation if they have stellar initial mass functions (IMFs) skewed to high masses (Baugh et al. 2005 ).
OBSERVATIONS
The targets for our EFOSC2 run were selected from the available multi-wavelength data in the SWIRE-CDFS field (Lonsdale et al. 2003) . Target lists were prepared from the then latest version of the SWIRE Photometric Redshift Catalogue (Rowan- Robinson et al. 2005) , selecting 24µm sources with r < 21.5. Top priority was given to sources which were of U/LIRG status based on their then estimated photometric redshifts and SED template fits. In total we targeted 12 prime sources in six pointings. The remaining slits were assigned to adjacent serendipitous 24µm sources. We managed to assign an average of 10 slits per mask, resulting in a total of 62 objects observed. Table 1 gives the list of the six observed pointings and a summary of their properties.
The observations were performed in multi-object spectroscopy mode using the ESO Faint Object Spectrograph and Camera (v.2) (EFOSC2) on the ESO 3.6m telescope at La Silla. In order to obtain full coverage over a large wavelength range, both Grism-3 (3050-6100Å, 1.5Å/pixel) and Grism-5 (5200-9350Å, 2.06Å/pixel) were used. The width of the slits was 2 arcsec. The observations were carried out during 18-19 December 2006. The exposure time per mask was 2 hours, 3600 seconds per grism. The total time of observations, calibrations, read out time was 15.6h or 2 nights. The EFOSC2 data were reduced and calibrated using standard IRAF routines. The data were bias-subtracted and flatcorrected. The spectra, having been mosaiced, were transformed to a linear wavelength scale. External regions of the 2D spectrum were used to measure the sky background and to subtract it from the final data 1D spectra. Redshifts were determined by visual inspection of the 1D spectra, through identification of emission and absorption features.
RESULTS
Our optical spectroscopic sample contains a total of 62 objects. We have selected to present here the 34 sources of this sample which have a counterpart in the latest version of the SWIRE photoz catalogue (Rowan-Robinson et al. 2008) and their redshift determination is secure. Sources with very noisy or bad quality spectra have been rejected. The spectra of all the 34 sources are shown in Figures 3, 4 , 10 and 11 and their properties are shown in Table 4 . Figure 1 (left) shows the redshift distribution of the spectroscopic sample. The bulk (85.7%) of the 34 sources targeted, lie at z < 0.6. The maximum peak in the redshift distribution is found at z < 0.2. The source with the highest redshift found is at z∼3.20. Sources at z > 2 have prominent Lya lines. In the same figure we show the redshift distribution of the Infrared Luminous Galaxies in our sample. These galaxies correspond to the higher redshift sources of our sample and their main bulk lie at 0.4 < z < 0.6. Figure 1 ( According to the estimated bolometric infrared luminosities, among the 34 sources there are 6 luminous infrared galaxies (LIRGs) (LIR > 10 11 L⊙), 5 ultraluminous infrared galaxies (ULIRGs) (LIR > 10 12 L⊙) and 1 hyperluminous infrared galaxy (HLIRGs) (LIR > 10 13 L⊙). main properties of these IR-luminous objects and Figure 3 shows their spectra. Seven of the 12 H/U/LIRGs are fitted with a spiral optical template, 1 is fitted with an elliptical template and 4 are fitted with a QSO optical template (1 LIRG, 2 ULIRGs and 1 HLIRG). According to the infrared templates, 2 ULIRGs are fitted with a dust torus, 8 sources are fitted with an M82 starburst (4 LIRGs, 3 ULIRGs and 1 HLIRG) and 2 LIRGs appear to be A220 starburst fitted. Two of the IR-luminous sources seem to contain a powerful AGN, 7 seem to be powered by a starburst, and the rest 3 seem to be powered both by a starburst and an AGN. Half of the IR-luminous sources with (LIR > 10 12 L⊙) are powered both by a starburst and an AGN. These results are consistent with previous studies of 24µm selected ULIRGs (Trichas et al. 2009 (Trichas et al. , 2010 . The only HLIRG of our sample is powered both by a starburst and an AGN with a major contribution of a starburst. Below we summarize the properties of the 5 ULIRGs and 1 HLIRG found. The U/HLIRGs spectra are given in Figure 3 . SWIRE3-J033234.23-293450.8: It is one of the strongest 24µm emitters among all H/ULIRGs of our sample and also the one with the lowest redshift (z = 0.529). It has been detected in all IRAC and MIPS bands. Balmer lines, [OII ] and [OIII ] doublet are detected at its spectra. Both optical and IR SED fitting imply the presence of a starburst. Starburst's presence is also judged by the emission lines diagnostic diagrams ( Figure 5 ). SWIRE3-J033541.23-283414.0: The R-band magnitude of this source is R = 20.60. It is a strong 24µm emitter with detections in all IRAC and MIPS bands. As it can be seen by its spectra there is a very strong [OII ] line. Very strong [OIII ] doublet and Hβ are clearly visible. These narrow lines, based on the results of BPT diagrams, indicate the presence of a starburst. The detection of a quite broad Hδ with a MgII line confirms the presence of an AGN. Both optical and IR SED fitting imply the presence of a starburst but with AGN contribution. The redshift of this sources is z = 0.579. SWIRE3-J033532.19-284801.1: The R-band magnitude of this source is R = 21.55. It is the strongest 24µm emitter of our sample with detections in all IRAC and MIPS bands. As it can be seen by its spectra there is a strong [OII ] line. Hβ and [OIII ] doublet lines are also visible but weaker. A weak and broad MgII line is also visible at the blue spectrum. These lines indicate the presence AGN events. The source lies at z = 0.807. Optical SED fitting imply the presence of a young elliptical galaxy and the IR SED fitting an AGN dust torus. SWIRE3-J033220.88-293140.5: It is the strongest 24µm emitter among all 5 ULIRGs, with detections in all IRAC bands and at 24µm. The R-band magnitude of this source is R = 19.81. We have detected 2 strong broad lines CIII and MgII. The presence of these lines makes it almost certain the presence of a very strong AGN which is also identified by optical and IR SED fitting. This source lies at z = 1.180. SWIRE3-J033528.91-283203.6: This ULIRG is the brightest one of our sample with R-band magnitude R = 19.32. It has been detected in all IRAC bands and at 24µm. As it can be seen by its spectra there are 3 strong and broad detected lines Lyα, CIV and CIII. Both optical and IR SED fitting imply the presence of an AGN with significant starburst contribution. The redshift of this sources is z = 1.962. SWIRE3-J033144.54-290505.6: This is the only HLIRG in our sample with bolometric infrared luminosity LIR = 10 14.16 L⊙. This is one of the brightest (R = 19.96) sources at the highest redshift (z = 3.2) in this sample. It has been detected in all IRAC and MIPS bands except 160µm. This source exhibits 4 broad lines Lyα, NV, SiIV and CIV. The clear detection of these lines indicates the presence of a QSO in agreement with SED fitting.
PHOTZ/SPECZ COMPARISON
We have compared the spectroscopic redshifts obtained with EFOSC2 with the photometric redshifts calculated using the latest version of the ImpZ code (Rowan-Robinson et al. 2008) . The results are given in Figure 2 . Reliability and accuracy of the photometric redshifts are measured via the fractional error ∆z/(1+z) for each source, examining the mean error ∆z/(1+z), the rms scatter z and the rate of 'catastrophic' outliers η, defined as the fraction of the full sample that has |∆z/(1+z)|>0.15. Figure 2 shows a comparison of log10(1 + z phot ) versus log10(1 + zspec) for the sample of 34 sources with available spectroscopy. For the whole sample, the total rms scatter, σz, is 0.121, with ∆z/(1+z) = 0.013 and the number of outliers sources is 4. 3/4 of the outliers are fitted with a QSO template and one with a galaxy template. Redshift estimation for all the outliers is based on the detection of at least 3 lines making their specz highly reliable. From the 4 sources which were fitted with a QSO optical template the number of outliers is 3. From the 3 sources with zspec > 1.5, all of them fitted with a QSO optical template, there are two "catastrophic" outliers.
EMISSION LINE DIAGNOSTICS
A suite of emission line diagnostic diagrams has been used extensively in order to classify the dominant energy sources in emission-line galaxies (Baldwin et al. 1981 Figure 5 and the data summarized in Table 3 . Galaxies that lie below the pure star-forming lines are HII region-like galaxies. Galaxies that lie in between the two classification lines, extreme and pure star-forming lines, are known as composite objects being on the AGN-HII mixing sequence. Composite galaxies' spectra are likely to contain significant contributions from a metal-rich stellar population plus an AGN. Everything that lies above the solid line (Kewley et al. 2001 ) is classed as AGN. Ho et al. (1997) defined a new classification scheme which is represented by the red-dashed lines. Adding these lines to the previous two classification lines we separate the classification scheme in four parts. As HII-region are classified the sources which lie below the Kewley line and left from the red-dashed line. Seyfert sources lie at the upper left box and the LINERs at the low right box. The spectra of these objects are available in Figure 10 . (Baldwin et al. 1981 ) and the black-dashed line is the Seyfert/LINER line (Kewley et al. 2006) . We keep the same colors for the sources. 
MIR COLORS
For the Lacy et al. (2004) diagnostic we require sources to have detections in all four IRAC bands, 3.6µm, 4.5µm, 5.8µm and 8µm, a total of 29 sources. For the remaining 5 we have used SWIRE limits for each band. Sources that lie within the Lacy wedge are those expected to be AGN dominated from the mid-infrared colors. Figure 6 shows the IRAC colour-colour plot combined with information obtained from the spectroscopic diagnostics. In our sample we detect 4 broad line objects which are fitted with a QSO optical template and all of them lie within the AGN wedge (red diamonds). In the case of the narrow emission lines, all the star-forming sources (green asterisks) lie outside the AGN region and specifically on the top-left of the diagram. In the same region with star-forming sources lie the LINER sources at a rate of 2/3 (orange asterisks) and all the composite sources (blue asterisks). Only 1 of the 3 narrow-line AGNs we found in our sample (based on BPT diagrams) lies within the AGN wedge. All the H/ULIRGs of our sample lie within the AGN region in contrast with LIRG sources which lie outside the AGN wedge at a rate of 5/6. In Figure 7 we plot an IRAC-MIPS color-color diagram using the sources with detection in IRAC's 3.6µm, 5.8µm bands and MIPS's 24µm. This requirement limits the number of our sample to 31. Even if the larger wavelength difference between 8 and 24µm makes the interpretation of the MIPS/IRAC color-color plots more complicated, all the QSO fitted sources lie within the AGN region (right of the red line). The rate of LIRG sources that lie with in this region has been increased at 4/6. Figure 8 shows the IRAC color-color diagnostic diagram from Stern et al. (2005) . Again, all the broad-line objects lie within the AGN region and 1/3 Type-II Seyferts. Figure 9 shows the SEDs of the 13 sources with z>0.5. All of them are fitted with the standard infrared templates of Rowan-Robinson et al. (2008) .
SUMMARY
We present the optical spectra of 34 sources within SWIRE-CDFS, observed using EFOSC-2 in MOS mode on the ESO 3.6m telescope. We have compared the observed spectroscopic redshifts values to those estimated using our photoz methods and the agreement is very good especially in the case of galaxies. With respect to QSOs' photoz agreement and taking into consideration the problems photoz methods face when dealing with quasars, our sample is too small to extract safe results. Among our sources we found 6 LIRGs, 5 ULIRGs and 1 HLIRG. All H/ULIRGs are broad line objects at z>1.0, in excellent agreement with our SED template fitting method which fitted all of them with a QSO optical template. All the broad line objects in our sample are fitted with a QSO optical template and show evidence of a strong dust torus component in the MIR in excellent agreement with MIR color-color plots. In the case of narrow emission line objects, based on emission diagnostic diagrams for the 15 sources with the necessary lines, we found 6 pure starforming galaxies, 3 Seyfert galaxies, 6 composite objects of which 3 appear as star-forming objects and 3 
